Monthly and seasonal variations among dietary, blood and milk parameters and their interrelationships were investigated during the lactation period in
INTRODUCTION
Food and its carbohydrate and protein compounds are considered as the most important sources of energy and protein to sustain life, growth, production and reproduction performances. Dietary carbohydrates in ruminants are converted to free fatty acids and blood glucose, and proteins to amino acids and urea. Blood urea and glucose are used for milk protein and lactose production.
The ruminant dietary requirements for energy and protein vary based on the physical and physiological activities, reproduction status, parturition, and lactation stage. Energy and protein requirements are from 2.4 MJ/ kg/DM and from 13 to 15% of the diet, respectively (Naylor and Ralston, 1991) . The normal value for milk lactose is 4.8% and for urea is from 15 to 40 mg/dL (Nbibualonji et al., 1998; Gfrorer and Koch, 1985) . Various factors influence these parameters including the energy balance of the ration with or without concentrate (Cannas et al., 1998) , protein ratio and its relation to dietary energy (Bed et al., 1997) , breeding procedure (Casamassima et al., 2001) , lactation (Bed et al., 1997) , estrus cycle, pregnancy and parturition (Pulina et al., 1996) and weight loss (Kecec, 2003) .
Based on literature data, milk urea increases when the energy ration is decreased (Cannas et al., 1998) . Milk lactose increases by increasing the protein to energy ratio (Bed et al., 1997) . Livestock bred on lush pasture showed less blood urea and glucose than those limited to closed hand feeding (Casamassima et al., 2001 ). Bed et al. (1997) mentioned no changes in milk urea during the lactation period while Nozad et al. (2011) reported variations in milk urea during the daily and weekly yield. Authors also reported different relationships between dietary parameters with blood and milk indices including positive relationships between milk and blood urea (Ramin et al., 2010) , milk urea and crude protein (Cannas et al., 1998) and negative correlations between milk urea and dietary energy (Cannas et al., 1998) . No relationship was found between blood and milk parameters with diet crude fiber, ether extract, calcium, phosphorus and ash.
In spite of different reports indicating the normal values of dietary nutrients necessary for production, there seems to be no documented information available to show the possible roles and relationships between dietary nutrients with milk and blood parameters, and whether or not dietary components play a role as an index in dairy cow production. The understanding, detection and presentation of such relevant correlations is a preliminary essential for complementary studies resulting in the prediction of appropriate milk production on the basis of dietary nutrients. The aims were: 1) determination of the monthly and seasonal dietary components, milk and blood parameters in Holstein dairy cows, 2) presentation of the interrelationships between and within dietary, blood and milk parameters, and 3) determination of the most important dietary indices in relation to milk and blood parameters which could be useful in predicting the optimal production in ruminants.
MATERIALS AND METHODS
Seventy eight Holstein dairy cows were selected in an industrial dairy herd located in east Azarbyjan. The amount of 50 gr diet, 5 mL jugular vein blood and 10 mL milk were sampled monthly from calving day up to the end of lactation. The study was carried out over a period of 11 months starting from March to December 2011 with an overall total of 858 blood and milk samples. During sampling, cows' ID, daily milk records and reproduction data were collected for future complementary studies. Cows were fed on total mix ration (TMR) containing lucerne, concentrate, pulp, and corn silage three times per day. Cows were bred under industrial dairy management. Blood and milk samples were placed in the refrigerator until the appropriate analyses were run for each sample. Experimental cows were all in good health throughout the experiment.
Dietary components included metabolisable energy (ME), crude protein (CP), ether extract (EE), crude fiber (CF), calcium (DCa), phosphorus (DP), magnesium (DMg), and sodium. Potassium, moisture and ash were assessed based on standard units with current laboratory methods. Two mL blood samples was mixed with EDTA for hematological tests and the remainder was used for biochemical and enzyme analysis. Milk samples were first skimmed, and then milk serum was separated after casein precipitation by HCl 0.1 N. The values of blood and milk parameters were determined by using spectrophotometry commercial kits, SPSS statistical program, student t-test and ANOVA were used for the monthly and seasonal comparison of the means. Correlation coefficient was used to determine the relationships among dietary, blood and milk parameters.
RESULTS
The monthly analysis of dietary components during the lactation period is shown in Table 1 . The highest and lowest values were in December and October, respectively. The range for ME, CF, moisture, ash, DP, Ca, EE, and CP was 1.3-1.6 Mcal/ KgDM , 18.8-24.1%, 37.9-46.3%, 3.4-5.9%, 0.2-0.55%, 0.6-0.95%, 2.1-2.85%, and 9-11.2%, respectively. The overall means were 1.38 Mcal/ KgDM , 20.4%, 42.8%, 5.5%, 0.34%, 0.76%, 2.39% and 10.2%, respectively. The highest seasonal values for EE and moisture were in spring, CP in summer, ME in autumn and DCa, DP, CF and ash were in winter ( Table 6 ). The lowest values for CP and CF were in spring, DCa, DP, ME and for ash were in summer, EE and moisture were in autumn. Mean monthly and seasonal comparison of the dietary components were significantly different during the lactation period (p<0.05). Tables 2 to 5 show the mean monthly values for blood and milk parameters during the lactation period. Mean monthly values (ANOVA) for all parameters were significantly different during the lactation period (p<0.05). The highest values were observed in July for RBC, Hb, Ca, K, Na, AST, ALP, PCV, and March for WCC, P, ALT, December for glucose, protein and GGT, respectively. The lowest were in December for BUN, cholesterol, BHB, Ca, K, Cl, AST, and November for Hb, RBC, Tgs, and GGT. Milk parameters varied during the lactation period as well. The maximum seasonal values for RBC, BUN and macro-minerals were in spring, protein and cholesterol in summer, and PCV, Hb, WCC and GGT in autumn and glucose, creatinine, Tgs and BHB, AST, ALP in winter. The lowest values for PCV, glucose, creatinine and P were in spring, Hb, WCC, Tgs, BHB, Ca, Na, K in summer; RBC, urea, Mg, Cl, glucose, creatinine and P, AST, ALT and ALP in (Tables 7 and 8 ). For milk parameters the highest were in summer and the lowest in autumn (Table 9 ). Correlations among dietary, blood and milk parameters revealed different relationships with a correlation coefficient over 60% (Tables 10 and 11 ). Among these parameters dietary DCa and DP showed the strongest relationships with other nutrients. Different correlations were observed among nutrients and blood parameters including dietary DP with serum protein, glucose, BHB, dietary moisture/serum K (r=0.65), ME/serum K (r=0.61), CF/AST (r=-0.63), CF/GGT (r=0.72), CP/neutrophil (r=0.66), CP/lymphocyte (r=0.80), CP/milk Mg (r=0.62), DP/milk Ca (r=0.78), ash/milk Ca (r=0.76), EE/milk Ca (r=-0.65), EE/milk lactose (r=0.79). Dietary DP, DCa, CF and CP were the most outstanding parameters among the dietary components in cows. The intake of carbohydrates, proteins and minerals from the diet in order to provide energy, amino acids and electrolytes is essential (Naylor and Ralston, 1991) . Blood glucose and urea are considered the final products of dietary protein and glucose and the bulk of milk lactose and minerals originate from blood glucose and electrolytes, therefore, blood components and milk yield can be directly influenced by variations in energy and protein ration. Determination of these parameters can lead to clarification of clinical efficiencies in improving the ruminants' production. In addition, there are many other parameters in the diet, blood and milk which show less important roles than others, but care must be taken regarding their probable roles in production performance, particularly their relationships with each other; thus it is necessary to consider all parameters under investigation.
The estimated ME in this study was less than that recommended for dairy cows i.e up to 3 Mcal/ kg/DM (Hof et al., 1997) . Energy requirements vary on the basis of age, gender, breed, growth, production and reproduction stages and for this study they were 1.25 to 1.54 Mcal/ kg/DM during the lactation period. The reason could be related to the consumption of different types of feed with various nutrients such as forage, silage, concentrate, and lucerne durin different seasons of the year. The role of dietary energy in the quality and quantity of milk production has already been studied. Increased dietary energy results in the reduction in fat content and milk volume but improves milk protein (Depeters and Cant, 1992) . Poor nutrition causes low milk yield up to 31% while increases milk fat to 9.6% (Agus and Bocquier, 1995) . High quality concentrate influences the milk composition and production, whereas over-nutrition reduces the milk protein and fat content (Naylor and Ralston, 1991) .
The requirements for dietary protein depend on the age, gender, breed, growth and reproduction phase and vary from 14 to 18%. In this study it was estimated at 10.2%, which was less than recommended for the lactating period (Ramin et al., 2010) and was considered unsuccessful in the nutrition program. The protein component is mainly located in the lucerne and concentrates. The range for dietary protein in this study was from 9 to 11.2% and indicates low protein content in the feed and probably 12% protein in concentrate, which results in partial hypo-proteinemia. Cows in this study were fed TMR having fairly poor energy and protein Table 11. protein without changes in milk fat (Bocquier and Caja, 1998) . Authors demonstrated that negative energy balance and poor nutrition has not affected milk protein (Agus and Bocquier, 1995) . The side effects of low dietary protein include wasting, edema, low growth rate and animal production.
Monthly and seasonal values of blood parameters were within the reference ranges (Radostits et al., 2010) and the presence of small variations during this study could be related to the differences in obtaining the amounts of diet, individual metabolism among cows, and finally, digestion and absorption differences in feed consumption (Cozzi et al., 2011; Villa et al., 2011) . Among the parameters under investigation, urea, glucose and BHB are indicative of the protein and energy balance in the body, creatinine is an index of health status. Protein and triglycerides show the body energy resources and haemathological parameters indicate the situation of anemia and possible diseases. Blood minerals present the ability of animals for milk production, and blood enzymes reflect the liver activity in animals. Investigation of the overall parameters in the study of animal health improves the quality of milk production, as well. Variations in these indices during parturition, lactation, season and different feedstuffs are considered as physiological effects (Cozzi et al., 2011) , whereas following milk fever (Ismail et al., 2011) , ketosis (Sahinduran et al., 2010) , fat cow syndrome (Sakhaee et al., 2011) and LDA (Mokhber Dezfouli et al., 2011) are considered as disease condition.
Blood urea, glucose and protein as the protein and energy sources in animals are considered to be more important than others (Gupta et al., 2011) . The range for blood glucose is mentioned as 45-55 mg/dL (Radostits et al., 2010) , which supports the results of this study. Reduction in glucose concentration is common in ketosis (Sahinduran et al., 2010) , but hyperglycemia is not usual in ruminants. Glucose plays the main role in milk lactose yield and is influenced by diet, normal physiological activity and reproduction. Glucose reduction during lactation is probably related to milk lactose production, thus its administration compensates the glucose disturbances, but does not influence milk yield, so milk fat will be reduced (Radostits et al., 2010) . Blood urea is mentioned as 25.2 mg/dL (Zadnik et al., 1993) and for this study it was high, around 33.1 and ranged from 18.1 to 39.7 mg/dL. Urea is the result of protein metabolism and is detectable in blood, milk, saliva and sweat. It is influenced by many factors (Radostits et al., 2010) such as pregnancy and lactation (Nbibualonji et al., 1998) . Urea increases in during the lactation period, as observed in this study. Abnormal changes in blood urea were recorded following diarrhea, nephritis, pregnancy toxemia and acidosis (Igbokwe, 1993; Radostits et al., 2010) .
Mean milk urea in this study was 9.65 mg/dl, protein 3.6% and lactose 4.86%. The normal reported values were 10-48 mg/dL (Hof et al., 1997) , 4% (Naylor and Ralston, 1991) and 4%, respectively (Ramin et al., 2010) , which was low for milk urea, protein and high for lactose. Variations in milk parameters depend on nutrition, milk yield and reproduction stages. Low amount of milk urea in this study is an advantage due to the low percent of dietary protein. Urea changes follow pregnancy and lactation (Arunvipas et al., 2007) , season (Kitaeg et al., 2009 ), quality and quantity of milk yield. Low milk protein is related to dietary protein imbalance which is directly related to the consumed concentrate as recommended up to 16% in lactating cows. Variation in milk lactose is very small (Bed et al., 1997) , but can be influenced by milk production and ratio of protein to energy, as well (Pulina et al., 1996) .
The means for milk Ca, P, Mg were 7, 9 and 1.5 times higher than in the blood. This was less than what was reported by other authors (Ramin et al., 2010) , thus these values are not stable in milk and can be influenced by nutrition, breed, lactation period, milk protein and urea and milk yield (Closa et al., 2003) . In addition, variations in these minerals depend on citrate, casein and Mg level in the milk. The role of milk minerals is limited to growth and bone formation; high amount of milk minerals is an advantage which is observed in early and late lactation (Kupczynski et al., 2011) . Means for milk sodium and potassium were 21.2 and 8.8 mmol/L, respectively, which differed from others studies (Ramin et al., 2010) . This means that the concentrations are not stable in milk, however, the exact roles of these minerals in milk are as yet unclear.
The most important relationships among dietary nutrients were between DP and DCa with other nutrients. Dietary DP revealed positive relations with DCa, energy and ash and negative correlations with EE and moisture, thus by reducing the dietary EE and moisture the macro-minerals mainly, DCa and DP will be improved. Correlations between dietary nutrient with blood and milk parameters were largely related to dietary DP and CP. Dietary DP revealed strong and reasonable relationships with blood protein, glucose, BHB and milk Ca, while CP revealed correlations with leukocytes, neutrophils, lymphocytes and milk Mg. Other nutrients which showed a few relationships with blood and milk parameters were CF, ash and EE. No previous studies have been done on extended parameters. The outcome of this study results in a better definition for milk production assessment. The lack of relationships among dietary nutrients with blood and milk urea and protein which is mentioned by Cannas et al. (1998) and Ramin et al. (2010) poses the question of whether or not milk urea and protein are useful in the determination of dietary status in ruminants, although reliable reports persist regarding the usefulness of blood and milk urea and protein in the prediction of milk production and reproduction performances (Nourozi et al., 2010) .
In conclusion, monthly and seasonal values of dietary, milk and blood parameters during the lactation period were varied under the normal range. Dietary DP and DCa showed numerous relationships with other nutrients. Among correlations, the dietary parameters with blood and milk parameters, DP and CP were the most suitable. The predominant blood parameters were protein, glucose, BHB, leukocytes and in the milk were Ca and Mg. Therefore, dietary DP, DCa and CP could be useful indices in the complementary studies related to the assessment of nutrition, milk production and reproduction performances.
